Cyclospora cayetanensis has been observed in the feces of persons with prolonged diarrhea. A description of the symptoms and histopathologic findings for patients with cyclosporiasis is presented. The intracellular life-cycle stages of these parasites in the enterocytes of patients will also be described. Seventeen Peruvian patients positive for Cyclospora organisms were surveyed and underwent endoscopy, and their symptoms were recorded. Patients presented with gastrointestinal symptoms, including diarrhea, flatulence, weight loss, abdominal discomfort, and nausea. Jejunal biopsies showed an altered mucosal architecture with shortening and widening of the intestinal villi due to diffuse edema and infiltration by a mixed inflammatory cell infiltrate. There was reactive hyperemia with vascular dilatation and congestion of villous capillaries. Parasitophorous vacuoles contained sexual and asexual forms. Type I and II meronts, with 8 -12 and 4 fully differentiated merozoites, respectively, were found at the luminal end of epithelial cells. These findings demonstrate the complete developmental cycle associated with host changes due to Cyclospora organisms.
bloating, nausea, weight loss, and abdominal discomfort (table 1). Seventeen patients, ages 15 -52 years (mean { SD, 29.0 { 10.2), who were excreting C. cayetanensis in their stool underwent endoscopy. All infected patients had a history of diarrhea of 5 -26 days' duration (mean { SD, 16.1 { 7.06) before treatment. Symptoms for these 17 patients were representative of the 106 patients who were positive for Cyclospora oocysts.
Endoscopic and histologic findings. No gross abnormalities, such as ulcers or hemorrhages, were observed in either the stomach or small intestine during endoscopy. As viewed through a microscope, the overall architecture of the intestinal mucosa was altered, with dramatic shortening of the intestinal villi. No statistically significant difference in total length (tip of villi to muscularis mucosa) was observed be- tween the infected and control groups (P Å .16). A statistically significant difference was observed in the total length of villi between the infected and the control groups (P Å .02). The widening of intestinal villi was due to diffuse edema and infiltration of the villus mucosa by a mixed inpepsia and gastritis, but who were not excreting Cyclospora ooflammatory cell infiltrate. Infected cases had more plasma cysts, were used as controls.
Endoscopy. Fasting patients underwent endoscopy. Pinch bicells and lymphocytes than did noninfected controls (P Å opsies of the fourth portion of the duodenum or the first part of .098). Eosinophils were also more numerous in 4 of 17 pathe jejunum were taken through a video gastroscope (EPX-302-A tients.
Superimage; Fujinom, Fuji Photo Optical, Saitama, Japan). Biopsy
In addition, there was extensive infiltration of lymphospecimens were fixed in 10% buffered neutral formalin for light cytes into the surface epithelium in infected cases (P Å microscopy and in 2% glutaraldehyde in PBS (pH 7.2) for electron .0001), which was particularly prominent at the tip of the microscopy.
shortened villi. These cases also had increased dilatation and appeared less organized, with loss of normal polarity. The A pathologic description of the sections from each patient was crypts showed increased mitotic activity. In some cases, also tabulated, and the means were statistically analyzed (x 2 test). Serial sections of biopsies were examined for intracellular parasites, measured, and photographed.
Biopsies collected in glutaraldehyde were fixed again in 4% formal- Table 1 . Clinical symptoms at presentation for 17 Cyclosporadehyde and 1% glutaraldehyde in phosphate buffer and processed for infected patients who were biopsied. conventional transmission electron microscopy. In brief, specimens were postfixed with 2% osmium tetroxide, dehydrated, and embedded % in Spurr's resin. Sections were stained with lead citrate and uranyl there appeared to be an increased eosinophilic extracellular Discussion matrix formation within the distorted villi ( figures 2, 3) . In
Several studies have documented, using acid-fast stain, the addition, there was moderate to marked erythema of the occurrence of 8-to 10-mm diameter organisms in both immunodistal duodenum and mild to moderate acute inflammation competent and immunocompromised patients with chronic diof the lamina propria. The scoring system used for histologic arrhea [1 -4, 12 -14] . The organisms were described as Cryptofindings follows: 0, normal; 1 slight; 2, moderate; and 3, sporidium muris -like or CLBs (cyanobacterium-like and severe.
coccidian-like bodies) or as a flagellate, an unsporulated cocIntracellular parasitic forms. Parasites were identified cidian, or a large Cryptosporidium species, but were subseat the luminal surface and in the glandular clefts, using highquently identified as C. cayetanensis [1] . The first probable magnification light microscopy. Parasites were sparse and report of human infection with Cyclospora organisms was in present in few of multiple serial sections for 16 of the 17 1977 in Papua New Guinea. The parasite was recognized as a patients. Two different types of fully developed meronts new coccidian, but in the absence of a precise sporozoite count, (asexual forms) were observed by light microscopy. Type I it was thought to be a new species of Isospora [15] . meronts had 8 -12 fully mature merozoites, each measuring In two previous prospective cohort studies involving 377 0.5 1 3 -4 mm. Type II meronts had 4 fully differentiated children in Peru, prevalence rates of 18% (26/147) and 6% merozoites, each measuring 0.7 -0.8 1 12 -15 mm. Gameto-(15/230), respectively, were noted for Cyclospora species [1] . cytes (sexual forms) were also observed (figure 3). The light
In the first group, 28% of the children (1 -2.6 years old) had microscopic observations were also corroborated by transdiarrhea, and in the second group, 11% (1 month to 1.6 years mission electron micrographs of merozoites, meronts, and old) had diarrhea [1] . All 17 patients described in the present macrogametocytes (figures 4, 5). Merozoites from both types study had diarrhea, and the average duration of gastrointestinal of meronts had structures typical of coccidia, including rhopsymptoms before intervention and treatment was 16.1 days. tries, micronemes, and nuclei. Macrogametocytes had char-
The differences between these 2 groups in Peru were likely acteristic wall-forming bodies types I and II and polysacchadue to the manner in which subjects were selected. Children ride granules (figure 4). Gastric antral biopsy did not show Cyclospora organisms.
in the first group were enrolled in a cohort study, in which the / 9d3b$$de22 10-29-97 19:25:20 jinfas UC: J Infect objective was to determine the prevalence of infection. Poor Electron microscopy revealed the asexual form of Cyclospora cocci within jejunal enterocytes of patients exchildren in Peru living in unsanitary conditions are frequently infected early in life and present with mild diarrhea. In contrast, creting CLB-like organisms [13, 14] . The current study is the first in which sexual stages of this coccidian were also obadults from shanty towns rarely are infected with Cyclospora organisms, suggesting that immunity may develop to this paraserved. The sexual and asexual stages observed in the biopsies suggest that this parasite can complete its life cycle within 1 site. The Cyclospora-infected adults in the present study visited the Polyclinic because of diarrhea or dyspepsia, and they came host. All patients examined in this study had cyclosporiasis but were otherwise healthy. This may explain why a small number from the middle or upper class of Peru and routinely received medical attention at the clinic.
of parasites were observed in biopsy samples from our patients, whereas AIDS patients have been described with a large numAll 17 patients were treated with cotrimoxazole for 5 days, and none returned to the Polyclinic with gastrointestinal sympber of parasites [14] . The cytoplasmic localization of the different life-cycle stages toms. In the United States, cotrimoxazole is generally given for prophylaxis against opportunistic infections in AIDS patients, confirms that this species is different from those found in animals. Organisms have not been found in a survey of stools whereas in many developing countries, prophylaxis is uncommon. In Haiti, where cotrimoxazole prophylaxis of AIDS is collected from different species of rodents and birds in Peru. In addition, preliminary attempts to infect various animal species uncommon, Cyclospora infection is frequent [12] . In contrast, in the United States, where cotrimoxazole prophylaxis is com-(adult and neonatal BALB/c, SCID, and dexamethasone-treated and nontreated C57BL/6 mice, and chickens, hamsters, and mon, Cyclospora infection is unusual in AIDS patients. history of disease in these patients requires further elucidation. Rates of reinfection and development of immunity need to be addressed to understand the natural history of infection to this emerging human coccidial infection.
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The role of C. cayetanensis as a cause of severe and persistent diarrhea in naive adult hosts is confirmed. In a study from Nepal, similar histologic findings of increased intraepithelial lymphocytes, diffuse chronic inflammation, and partial villous atrophy also were reported [4] . The infection occurs in immu- 
